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Figure 5 is a diagram of the composite curve of tem- 
perature from 1872. The deviations of the maximum 
and minimum hases on either side of the curve of best 
fit are, as state c r  above, partly due to the 11-year variation 
and partly due to other causes, amon which are certain 

the data. 
unelminated short-period and acci d ental features of 

stated, the determination o 9 the epochs of? maxima and 

IX. CONCLUSION 

The object of the investi ation has been as previously 

minima of the short period for restricted areas and the 
systematic variations in itt3 length. This kas been 
accomplished satisfactorily by consideration of data for 
temperature and pressure in Europe and the United 
States only, where long homogeneous records are 
available. 

The variations of rainfall have been given only second- 
ary and partial consideration, since examination of data 
from the relatively few stations from which the epochs of 
temperature and ressure were derived have led to 
indefinite results P or rainfall, owi to the local' and 
fortuitous features of this element. Tiecords from a large 
number of stations must be averaged to yield satisfactory 
results. 

Large re ions of the lobe includin Africa, Asia, and 
most of t % e Southern%emisphere E ave been left for 
future work. The regions adjacent to the eastern Indian 
Ocean, includ' Australia, have been studied rather 
intensively so Yl t at  the epochs for this section, well 
represented by Batavia, can be said to be definitively 
established. 

The amplitude of the period has not boen studied to 
any extent, since its exact determination is a complicated 
process which must be left for future developmant. From 
inspection of the curves certain qualitative conclusions 
may be drawn. It is robable that the am litude varies 

also that the amplitude is smaller than that of variation: 
of longer period, as the 7-year period. 

Regarding the correlation found to exist between solar 
and meteorological data, the pa er presents sim ly the 

reason for such relationship, which ap ears to%e of a 

must wait upon observation and there is much to be done 
before a satmfactory basis for induction can be said to 
exist. 

direct1 with the wave P ength, as illustrated fl y the am 1i- 
tude o s the temperature wave at  Portland (Section 6 - 

findings of the investigation wit fl out adequate gysical 

causal nature. In  this, as in many ot % er cases, theory 

DISCUSSION 

By CHARLES F. MAWIN 

Convinced of the great importance of serious and 
searching investi ations of solar and terrestrial corre- 

the writer has encouraged and su orted such work at 

extent Bllllitted by the Limited personnel and funds 
availab%. 

While the present paper represents the results of only 
a recent investigation, 'nevertheless these matters have 
been a sub'eot of unofficial work and study by Mr. 
stantial foundation and background for the present 

lations and of the 7 aws of sequence of weather conditions, 

the central office of the Weather I;p ureau to the fullest 

Clough for 1 ully 20 years, all of which constitutes a sub- 

contribution. 
Unwilling to publish in the MONTHLY WEATHER 

REVIEW s paper on the illusive question of periodicities 
by a member of our stafE which could not command the 

- - 

approval, at  least in general and tentative terme, of 
myself and others, this paper has received more than the 
usual critical examination, both by the committee on 
scientific papers and myself, with the result that it is 
believed Mr. Clough supports his findings by a substan- 
tial array of proofs derived directly from (1) a 1 
acceptable bod of' meteorological data, (2) re erence 
to a series 09 seemin ly incontrovertible statistical 

rial significance. The study has been purely an inductive 
one and wholly lacks sug estions as to the physical 
causation of the findings. h e  task of the critic, there- 
fore, is, of come, to successfully refute the argument, 
to interpret the evidence in other terms, and to show 
that the findings as a whole or in part are not the facts 
they are represented to be. If disproofs are not forth- 

in adequate form, we must conclude that Mr. 
Oomina  Cloug 's views constitute an important contribution to 
the laws of se uence of weather conditions. 

Unfortunatt& readers but partly ac uainted with the 

periodicities will robabl find it difficult to pick out the 
essence of Mr. CEugh's &dings from the mass of details 
which he has deemed it necessary to present in order to 
meet and forestall probable criticism and exceptions. 

His claims are: 
(1) The sun-s ot cycle is a prototype of other solar and 

unknown. 
(2) The seeming1 erratic and irregular changes in 

due only in part to accidental causes, errors o deterrm- 
nation, etc. In addition, some as yet unknown but 
dominant physical influences cause the lengths to change 
in a systematic manner. 

(3) That there is a rhythmic response and a corre- 
sponding correlation between solar and terrestrial peri- 
odic phenomena. 

Assuming that we have fairly stated Mr. Clough's 
major findings, let us  examine cntically some of the evi- 
dence and proofs thereof. 

Raw material and smoothing fozmda.-With very few 
exceptions, the statistical data employed were in the form 
of 6-month means smoothed by the formula (a+b) +2, 
which gives a result exact1 the same as 12-month means 

smoothing in this case is very slight, nevertheless it must 
be recognized that the application of any smoothing 
formula to a sequence of numbers tends to create cornem- 
tive correlation where none p k l y  exiated. Further- 
more, where obscure correlation of a periodic character 
already exists the smoothing tends to reduce or efface 
the amplitude and to shift or alter in a more or less 
unassignable way im ortant phase relations. 

Suppose a, b, c, 5, e, f, eto., represent an irregular 
sequence of perfectly unrelated numbers. Let t b  se- 

? a +2b +c) 14, etc. There is at  once created an implie 
relation of an obscure character between each derived 
value and those immediately cont' 

re resented by the curves in Figures 1 and 2 of Mr. 
Chgh 's  aper. However, the practice of using smooth- 
ing form$= in cases of this character is all but universal, 
and Mr. Clough's use of them seems to be as fair and 
conscientious as that of any other investigator. Accord- 
i 1 , we fhd  no ade uate ground for the rejection as a 

T and 

criteria, and (3) solar an % terrestrial corrdation of mate- 

literature and &e technique of the su 5 ject of weather 

terrestrial perio de 'cities, many of them being obscure and 

lengths of such of t K ese periods as some r e c o ~  e 

taken at  6-month interv J s. While the amount of the 

"i 
These considerations apply to E such results as are 

w YS o e  of the dates o s m m u m  and minimum phases 

uence be smoothed by any such formula 88, 

ous thereto. 
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which he has consoientiousl picked out and listed in 
his Table 1. About the od fair criticism which can 
be made of these results is d a t  they may be accepted 
on a qualitative basis, but can hardly be regarded as 
quantitatively exact. I n  the h t  place, the method 
leads to ractically no exact information a t  all as to the 

la e to give sufEciently accurate values. 
Time units too lurge.-Phase values a t  interrds of t i  

ve, on the average, only 4 to 5 points per 
" O n t b J  individ wave form. This would be quite sufficient 
for a welldeikecl symmetrical wave of uniform iengtli 
and am Etude, but such an interval is quite too great 

complex, and widely fluctuating %-month period, :as 
Mr. Clough describes it. Even his smaller estiiiiatetl 
half-unit mtervals help but little, ns will more fully 
appear in what follows. 

Changes in length of period are system&-Many in- 
ves@ators have recognized that the sun-spot cycle 
exhibits large and seemingly erratic chan es in its length. 

like changes in other periods are systematic. It is now 
proposed to critically analyze this claim for just a single 
portion of the data given in his Table 1, namely, the 61 
intervals or wave lengths for temperatures in the United 
States, usin the dates for minima only. These values 

in Mr. Clou h's Figure 3 for the maxima and minima 
combined. f'he shortest length of period is 1.50 pears, 
the longest 3.25 ears. 

values inyable 1 can be represented b the simple num- 

been inscribed on G l  small cardboard disks, as suggested 
in the illustration. The small numbers beneath indicate 
the frequency of each disk. The marked irregularity, 
skewness, etc., of the frequency distribution of these 61 
numbers is clearly apparent in the little dia ram at the 

constants a ply to the distribution: 

amplitu 2 e of the wave forms, and the time units are too 

to deve P op accurately the characteristics of this obscurc. 

For many years Mr. Clough has iiisiste 8 that these and 

are found to % e fairly similar to the composite data shown 

to F9 igure 6 it is easy to see how the entire 61 

bers 1, 2, 3, . . . . . . . 8, which for furt i er purposes have 

left, with its Gaussian curve of best fit. 8 ie following 

Average P cngth =4.31 units =2.33 yean. 

Cornu's ratio, u t m d  ~ 1 . 2 9 ,  should be 1.25for d aussian 

high, compared with that o f the other lengths. Coarse- 

Referri 

Mean deviation =md =1.33 unita =3.32 years. 
Standard deviation =u = f 1.71 units = f4.28 eais. 

numbers. 
The frequency of the len th 5 (2.5 years) is much too 

ness of time unit musf have a good deal to do with such 
an irregularity, but random sampling and the smallness 
of the total number of cases (61) must not be overlooked. 
Since we are supposed to be 
function we should notice 
tion of a table of natural 
to that of Gaussian 
shaped distribution in which large departures from the 
mean are most numerous and sniall de artures infre- 
quent, with a Cornu ratio about 1.11. h e n  its value 
is nearly 1.25 (or the reci rocal thereof, 0.80) Mr. 
Clough cites and uses the cp ornu ratio as an index of 
conformity to Gaussian numbers. He regards the ratio 
1.29 in the present example as indicating that the 61 
numbers are normally distributed. Our own inferences 
are that the Cornu ratio alone is a very poor index of 
conformity or nonconformity to Gaussian numbers. De- 
finite information of this character can be obtained only 

setting up the actual distribution and plotting the 2 aussian curve of best fit. 

In the resent example, the abnormally high frequen- 
cies 5 an B 4, of the extreme lengths 1 and 8, is in itself 
evidence of illdefined periodicity and as shown by a 
slight conformity to a sine distnbution masked by dis- 
turbing conditions. The distribution of the 61 num- 
bers in itaelf, therefore, carries a slight su port of Mr. 

sufficiently to know whether this feature is eneral or not. 

whatever physical influences have conspiref to yield 

Clough's claim, but we have not examine dp other cases 

It is very important to recognize at t I 'a oint that 

I 
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Natura1 order of' succession of numbers. Ratlo = .97 

- ~~ 

Se?qwnCr rontro//ed by persona/ bias, rat io .8/ 
FIG. 0 -Diagram showin the frequency distribution of 61 numbered disks which 

represent the varying lengtfis of the ?&month period of temperature in the United 
States as measured horn minimum to minimum. The natural order of succession of 
these lengths (graph A) is regarded as controlled becam of the  small^^# of the Gou- 
tereau ratio 0 07 whereas the ratio for 8 fortuitous Sequence (gra D). by theory should 
be nearly 1:4i. 'Graphs B and C represent sequences designe8Y pwynal intention 
to produce the minimum and msrlmum v a l w  of the ratio. oraph E IS a aequeace of 
the same numbers designed to hare a periodic character m l t i n g  in a smell value nf 
the ratio, 0.81. 

these 61 numbers possessing the statistical characteris- 
tics shown b the frequency diagram and numerical data 
just given, A order of succession has nothin to do with 
an of the above values. The numbers in 8l eir natural 

from the arithmetic of ermutations that there am all 

the natural one, all of which likewise satisfy the same 
distribution. Mr. Clough maintains that the length of 
this period varies systematically; that is, there is some- 
thin which makes the natural order'of succession differ- 

in which case the variations in ength must be regarded 

o rK er satisfy the above distribution, but it is well known 

but an infinite number o I other orders of succession than 

ent K mm any other order that ust happens by chance i 
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as accidental. One of his proofs of this claim is that a 
certain statistical indes, which may appropriately be 
called Goutereau’s ratio,2s has the small value of 0.97 
for the.numbers in their natural order of succession, 
whereas theory shows this ratio should have the value 
J2 or 1;41 for a wholly unrelat,ed sequence of the 
numbers. 

This is a very important oint, and in order that each 

this argument we shall carefully define what Goutereau’s 
ratio is. Every one knows that the algebraic sum of the 
departures of any group of numbers whatever from t,he 
mean or nvemge is zero. The sum of all the departures 
regadem of&gn divided by the number gives the nzyernge. 
departure or mean deviution, a statistical index which is, 
like the mean itself, wholly independent of the order of 
succession. 

Now to base any claim or argument upon a particular 
order of succession of a given set of numbers we must 
have a suitable measurc or statistical indes, depending 
upon the order of succession alone. Ha pily this intles 

numbers a, b, c, d, _ _  --x, form the consecutive differences 
b-a, c-b, d-c-- _ _ _ _  a-x?O 
As in the case of the departures from the mean, we 

find that the algebraic s u m  of all the variate differences. 
if taken in a ring, is zero. The sum regardless qf s i p  
divided b the number of values is the mea.n variation, 

and resembles and may be compared with the unchanoing 
index afforded b the mean. devzation of the same numters 

Goutereau, with the aid of Maillet, has shown that 
the ratio v i m d  = 1 A1 for Gaussian nuinbers in fortuitous 
order of succession. Thus we hare a very valuable indes 
which closely relates the order of succession to tho nican 
deviation, of the same numbers. 

With this explanation of Goutereau’s ratio, each reader 
should easily appreciate the significance of what follows. 

Referring again to Figure 6 t,he natural order of thc 
61 numbers with its ratio of 0.97 appears at A. Froiii 

reader may understand an a appreciate the full force of 

is the man w,riation., v. In any irregu f ar sequence of 

which is t Tl e index for the order of succession we desire? 

regardless of or J er of succession. 

~~~ 

Bee footnote no. 14, ante. 
a By including the last term (8-1) we literally assume that the numbersmnstitute a 

closed system a# If in a ring. This also c8u.w thc numher of variate diflerenres to be 
the same as the number of values. slso the same as the niimber ofdenarturmfrom thr! 
mean.- If the dlflerence a-s is-*& included, the n u m b e t ~ v a r i a t s a T f f e r - ~  will he 
n-1 lor n obeerrat iom, and other technical ~mnsistenries arise which becoma inmnir- 
quentIa1 however when n la verv large which on the other hand is seldom the case. 
Thered,  we preiw to nnalyze ali ther’cases as’If the obsertatlons’oonstituted n closed 

arithmetic we find there are more than 21 X 1Ou possible 
different sequences. Two of these, arbitrarily set up to 
show the minimum and maximum Goutereau ratios, are 
shown at 13 and C. The 61 numbered disks were laced 
in a small bowl and from 10 separate drawings 10 v s uea of 
the Goutereau ratio were computed, yielding an average 
value of 1.36. The lowest value was 1.24, the highest 
1.51. One sample drawing is shown at D. TEe small- 
ness of the value 1.36 as compared with 1.41 may or 
may not be significant. It seems that 10 drawings 
should be expected to givr an average value of the ratio 
very close to 1.41, but it is probable in the present case 
that the original Gl numbers depart sufficiently from a 
Gaussian distribution to explain tlie relative smallness of 
the average of tlie 10 dramngs. 

The graph at E shows one result of personal control 
and bias in intentionall setting up a periodic se uence 

ratio 0.S1. 
I t  seems utterly improbahle that any fortuitous se- 

quence could give the natural order of. succession with 
its low ratio 0.97 any Inorc than chance drawings could 

respectively the niinimum and the maximum values o Ei produce the selected orders of succession U and C, givin 

the ratio, or even the sequence E with its ratio 0.81. 
The claini that the natural sequence of the numbers is 

a controlled se uence and not an accidental one can not 
be brushed asi 8 e either because a physical explanation of 
the control is wanting or without refuting or offering 
some better interpretation of the evidence than tho 
foregoing, which deals with but a fragment of the whole 
bod of data, correlations, etc., submitted by Mr Clough. ’d conclude this brief note, we must recognize that in 
its prcsent! forin we are undoubtedly dealing with a very 
cornples feature of erindicity probabl made up of two 

periods diffcring slight1 in length, one with large ampli- 

which appears to change its length systematically. Quite 
811 extended examination on iiiy part of data by the 
Fourier analysis gives little hope of ex laining the ob- 

periods ahvays appear to be necessary to even approxi- 
mately represent tho observations. Nevertheless, the 
subject has by no means been adequate1 investigated 

critics alikr. 

as far as the numbers t r ieniselves permit, giving t 1 e low 

or several elcmenta s forms. k t  is we1 r known that two 

tude and the other wit E small, yield a composite period 

served facts in that way. A large num E er of elemental 

and is entitlccl to the serious attention o 9 students and 
ring or system. 

VAN BEMMELEN O N  T H E  INTRATROPICAL P A R T  OF T H E  GENERAL CIRCULATION OF T H E  ATMOSPHERE 
Ry B. hl.  VARNEY 

(Weather Bumu, Cashington, September 25, 1WA) 
s?r/. 513 : ss/. ss 

Ilr. W. van Bemmelen in a recent aperin the Meteor- 
ologische Zeitschrift makes one of t R e most import con- 
tributions to the study of the general circulation of the 
atmosphere that has appeared in recent 
the years 1909-1917 at Batttvia 
balloon fli hts were carried out, 
observed gy double theodolite.? Doctor van Rem- 
melen has revioudy discussed the Hatavia observations 
and offerA tentative explanations for the phenomena 
observed. ‘ His paper here summarized extends and 
---___--- - ... 

I Volume 41,1924, no. 5, pp. 132-141. 
Results of the observations are dealt with in Transaction Nos. 1 and 6 of Ihc ub- 

arvatory. 
8 Proc. R. A d .  of S$mes, Amsterdam, .4pr. 28, 1918. -4 pn r by W. van Bem- 

melen and J Boerema Horizontal oscillation of the free atmosprere up to 10 km at 
Batavla.” pllshed k Proc. K Akad Amsterdam 1917 vol 20, pp 119-135 was 
abstracted Science Abstracts iee. A Nor. 30 1917’No i235 .this ab&ract beihg re- 
printed in the M O N T ~ Y  WEA&ER R ~ E w ,  Jahnarf, 19iS. 46; 22. Seealsovan Bem- 
melen W., “The anhtrades ” MONTHLY WEATHER REV~EW 1922 w): W l ,  reprinted 
p m  kature, Feb. 9,192!2, pi.  172-173, and brief discussion of this piper by Shaw, W. N. 
In game REVIEW, P. 92, reprinted from Nature, Feb. IS. 1922. 

somewhat revises his fornier views. Correlated with the 
results of the balloon flights as the basis for his discussion 
is evidence as to the intratropic.al circulation deduced 
from cirrus movements in the region. 

Method of summarizing the datn.-The author takes 
wire to point out that the paucity of observations from 
the higher levels renders interpretation of the conditions 
there somewhat doubtful, and then states his method as 
follows : 
For each level and each nionbh the iivrth and east componeuts of 

all observed wind vectors were combined and the means computed. 
With the aid of these means two iclopleth diagrams were con- 
structed. o m  for the north component and the other for the east, 
using altitudes as ordinates and months as abscissae and from them 
the mean directions and velocities were compiited. Such pro- 
cedure is obviously justified where constancy of direction of the air 
streams is a notable feature. 

For the purposes of this note, the writer has trans- 
lated the results of the above procedure from van Bem- 


